Abstract-Global warming has been a serious threat to the sustainable development of human society. Reducing the largescale emissions of greenhouse gases in the process of economic development and developing low-carbon economy have become necessary requirements for the national economic and social sustainable development. In this paper, combining the status quo of China's economic development with the example of a city in northern China, the pathway of low-carbon economy development and the feasibility of its implementation were discussed. The analytical results show that there is a great difference in cost-benefit aspects in industries with different lowcarbon paths for the economic development. That is to say, the Development of China's Low-Carbon Economy cannot be achieved by the market mechanism alone, which needs the government to support in full force.
INTRODUCTION
In the past century, the global climate is gradually warming, which has been a serious threat to the sustainable development of human society. Scientists believe that intensification of the greenhouse effect caused by a large number of emissions of greenhouse gases may be the underlying causes of global warming [1] . The international community has taken a series of measures to reduce greenhouse gas emissions and tackle global warming. In the process of tackling the global climate change, the international community has recognized that the climate change is an inter-disciplinary and comprehensive problem of economic, political, diplomatic, technical, legal and institutional. The fundamental way to address the climate change problem is to cut off the link between the economic growth and the greenhouse gas emissions and establish a lowcarbon economic development model [2] [3] [4] [5] .
The low-carbon economy was first proposed by the UK [6] . Low-carbon economy as a model of economic development, which bases on low power, low emission, low pollution, and achieves economic development goals with less greenhouse gas emissions, is in high favor. The core of the low-carbon economy is energy technology innovation, emission reduction technology innovation, industrial structure and institution innovation, and a fundamental change of human survival and development concept. In this paper, we will take City B in northern China as an example to analyze the related issues about the development of low-carbon economy.
II. THE URGENCY AND NECESSITY OF THE LOW-CARBON
ECONOMY DEVELOPMENT IN CHINA China now is in a period of rapid economic development. At the same time, energy consumption has made the greenhouse gas emissions grow much faster. The pressure on carbon emission reduction from the international community and the domestic energy supply security problems forces China's economic development model shift to the low-carbon pattern.
First of all, the pressure on carbon emission reduction from the international community is growing. Under the impetus of the rapid economic development and the process of urbanization, the greenhouse gas emissions are growing, too. This is the largest negative externalities caused by China's rapid development, which becomes the major external pressure and constraint to China. Since 2009, the United States has repeatedly and openly called for that the developing countries should be included into the emission reduction system, which is directed at China. The EU has also repeatedly stressed that in order to cope with global climate change reducing greenhouse gas emissions is not just the responsibility for the developed countries. In 2009, the U.S. House of Representatives passed the "U.S. Clean Energy and Security Act" (ACES). ACES proposed that in order to ensure the competitive advantage of U.S. companies the U.S. government will provide subsidies to the related businesses and adjust the related trade policy. This means that even if our government can take a tough attitude and refuse to be involved in any emissions reduction plans, in international business some domestic industries still have to face "carbon tariff" which is levied as a "carbon tax" accordingly and indirectly. Hence, China is facing growing pressure of carbon emission reduction.
Second, China has a serious energy supply security problems. Since 1995, China's primary energy production cannot meet the needs of domestic economic development, and the gap between supply and demand has been in trend of growing. In 2010, the external dependence of oil and natural gas will be 50% and 30%; in 2020, the external dependence of oil and natural gas will be 65% and 32%, which will potentially affect the national economic operation safety [7] . In order to secure the economic and social sustainable development, China urgently needs to adjust the economic growth model which highly depends on fossil fuels. *Corresponding author: wxen@jlu.edu.cnAt present, China's economy is still based on the consumption of the fossil fuels such as coal, oil and natural gas. In the primary energy consumption structure the proportion of coal is about 70%. This typical carbon-based energy economy has made the "high-carbon" feature of China's economic and energy structure very prominent-the CO2 emission intensity is relatively high and the energy-saving emission reduction situation is rather serious. Therefore, developing the lowcarbon economy and making China's economic development shift from the high-carbon energy economy to a low-carbon and carbon-free energy economy are the urgent requirements and strategic choices of achieving scientific development, achieving harmonious development and constructing twooriented society.
III. CHINA'S LOW-CARBON PATHWAY TO ECONOMIC DEVELOPMENT AND ITS FEASIBILITY
China is in the phase of mid-industrialization, we can draw on some experiences from the UK and other post-industrial countries, but we can not apply the low-carbon economic development model mechanically. We should base on the current status of economic development, resource endowments, national policies, laws and regulations, and select the suitable realizing route of low-carbon economy, so as to promote the rapid transformation of economic development model.
A. The pathway to low-carbon economy development 1) Adjust the energy structure and increase the proportion of non-fossil energy use.
China's energy consumption is mainly based on coal. In 2007, China's proportion of coal consumption was about 70%, and the consumption ratio of the non-fossil energy was less than 10%. As a clean energy, the non-fossil energy mainly includes wind, solar, hydro, biomass, geothermal, ocean energy and other renewable energy sources. The large-scale use of non-fossil energy sources can ease the pressure on the shortage of fossil fuels in China and it also can reduce the greenhouse gas emissions in the process of energy consumption. So, reducing the use of coal and promoting the consumption ratio of non-fossil energy are the effective ways to achieve a lowcarbon economic development.
In 2009, at the United Nations Climate Change Summit, Chinese President Hu Jintao pointed out that China will further integrate climate change into economic and social development plans; vigorously develop renewable energy and nuclear energy, and manage to make the proportion of non-fossil energy sources amount to 15% of the primary energy consumption by 2020. The Chairman's speech provides the policy basis for China's low-carbon economy, points out the direction for adjusting the energy structure, and provides the impetus for the development of low-carbon economy.
2) Improve the efficiency of energy use and make great efforts to increase the energy-saving emission reduction.
Since China has been implementing energy-saving emission reduction in 2006, the decreasing amplitude of annual unit GDP energy consumption has decreased by 10.08% cumulatively decline from 2006 to 2008, which is increasing year by year. This indicates that China's decreasing amplitude of energy consumption is growing gradually year by year, and the energy-saving emission reduction work is being steadily carried out. But the related information shows that China's model of economy growth still belongs to the resources and energy-intensive one. The economic growth mainly depends on the high energy consumption and high emission of heavy chemical industry. The rapid economic development has increased the amount of energy consumption. The trends of industrial structure changes is contrary to the direction of lowering the unit GDP energy consumption, which has brought relatively large obstacle to the adjusting of energy structure. So, in order to control greenhouse gas emissions from the source we should make full use of advanced technology, improve the efficiency of energy use and make great efforts to achieve the energy-saving emission reduction, which is the inevitable course for the development of low-carbon economy.
3) Carry out technological innovation & policy innovation.
The core of low-carbon economy is technological innovation and policy innovation. The Intergovernmental Panel on Climate Change (IPCC) considered that the research and development scale and speed of low-carbon or non-carbon technology decide the scale of greenhouse gas emissions. Lowcarbon technology and carbon-free technology also can be called carbon-neutral technology. The carbon-neutral technology is the new technology of controlling the greenhouse gas emissions, including energy saving, efficient use of clean coal, the exploration and development of oil and gas resources and coal-bed methane, renewable energy and new energy, carbon capture and sequestration, which involves electricity, transportation, construction, metallurgy, chemical, petrochemical, automotive and other departments.
Related studies indicate that from a global level, if there are no adequate policy interventions, the positive correlation relationship between the per capita income growth and per capita carbon dioxide emissions will exist for a long time, and needs to adopt appropriate policies and measures to break this relationship. Therefore, reforming the policy and making the economic development pattern transfer to the low-carbon economy model are the necessary conditions for the establishment of the low-carbon economic zones.
B. The cost-benefit analysis of energy-consuming industries transformation of low-carbon
Currently, in China the construction industry, the transport sector, the energy power industry and the chemical industry are the main industries of high energy consumption. We analyze the transitions in low-carbon production model of high-energyconsuming industries which can effectively promote the construction of low-carbon economic zones of City B, a city in northern China as an example to analyze cost benefit of energy consumption industries and the related issues in the development of low-carbon economy.
1) Improve energy efficiency and put efforts into energysaving emission reduction transformation in city B.
As a northern city in China, City B's winter heating period is longer, so the energy consumption in heating period is comparatively larger, and the energy consumption of the buildings used is higher. So, improving the energy efficiency standards for new buildings and transforming the energysaving insulation for existing buildings are the primary means for energy-saving emission reduction of the buildings used.
We assume that the investment period of construction project is from 2009 to 2020. City B annual new construction area is 2 million m 2 . So, by 2020 the new construction area will be 44 million m 2 . If City B plans to increase the original energy-saving standards for new buildings from 50% to 65%, the investment will be 2.64 billion Yuan. For the existing buildings, there are 35.88 million m 2 needs the transformation of energy-saving insulation, and the investment is 6.46 billion Yuan (as shown in Table І) .
Analysis of relevant data shows that the improvement of energy efficiency standards for the construction industry can save 151,600 tons of standard coal, which account for about 5% of heating coal consumption of the year in City B. At the same time, it can decrease 415,800 tons of carbon dioxide every year. If City B sells the carbon dioxide emission reductions for the developed countries, it can bring greater benefits to City B, as shown in Table II .
Generally, the lifetime of new buildings is 50-year and the lifetime of new buildings is 40-year, so the payback period of energy saving transformation is from 2010 to 2070. Along with economic development, there will be significant changes in the price of coal and CO 2 . According to the analysis of future prices in "IEA coal price statistics" [8] and "Emissions of carbon dioxide emission rights trading market and price analysis" [9] , we can get the price movement's trend of coal and carbon dioxide from 2010 to 2070 years (in Figure 1) .
Combine the relevant data in Table I with Figure 1 , from the both sides of the coal saving costs and CO 2 emissions reduction benefits, we can estimate the earnings of using energy-saving life period (2010-2070) in the process of building used, as shown in Table II. Firstly, the new construction: if the discount rate problem is not taken into account, the total income of new buildings in lifetime is 846.16 million dollars which is 2.2 times as much as the investment, and the static net income is 460.78 million dollars; if the discount rate is 3%, the total income is 333.09 million dollars and the net income is -52.31 million dollars, indicating that the investment feasibility is not high. The IRR of New Construction Energy Saving Project is 2.48%. Secondly, the energy-saving insulation transformation of existing buildings: if the discount rate problem is not taken into account, the total income of existing buildings in lifetime is 1543.25 million dollars and the net income is 600.41 million dollars, showing that the investment is feasible; if the discount rate is 3%, the net income is -243.18 million dollars, which indicates that the investment option is not high. The IRR of New Construction Energy Saving Project is 1.80%.
In conclusion, the investment feasibility of energy-saving emission reduction projects in the process of using the buildings is not high. Although the energy saving transformation can save 5% of the coal consumption in heating period and bring 415.8 thousand tons of carbon dioxide emissions reduction, the cost of the project is high and the IRR is low. So this kind of project needs the government's great efforts to promote it. If we operate it only depends on the market mechanisms, the low-carbon transition will be difficult to be achieved.
2) Adjust the energy consumption structure--taking the natural gas (CNG) vehicles transformation in transportation industry in City B as an example.
As a clean fuel, natural gas is used in vehicles, which achieves various aspects of attention because of its good economy and low emissions. Related studies showed that the carbon dioxide coefficient of gas is 1.26kg/L, which is significantly lower than the carbon dioxide coefficient of gasoline (2.24 kg/L). Data analysis showed that in City B, the carbon dioxide emissions of CNG car is 52% of petrol cars. Hence, making the fuel of bus and taxi transform to natural gas not only can reduce harmful gas emissions but also can reduce carbon dioxide emissions. The Public Transport Group in City B plans to convert 300 petrol vehicles into CNG vehicles, which will cost 4.20 million Yuan in accordance with the transformation fee of 14,000 Yuan per vehicle. There are 1600 taxis in City B. If all cars can be transformed into the CNP ones, it will cost 9.6 million Yuan in accordance with the transformation fee of 6,000 Yuan per vehicle (Table III) .
Making bus and taxi transform into the CNP's not only can reduce the traffic operating costs but also can reduce carbon dioxide emissions. The profits of CNG transformation in the transportation industry is mainly manifested in the following two aspects: the cost savings of transformation fee from automotive fuel oil to gas and the earnings of carbon dioxide emissions reduction.
Firstly, bus connection: if City B converts 300 petrol vehicles into CNG vehicles, the profit of transforming will be 3.712 million Yuan per year. Meanwhile, the transforming will bring 6,200 tons of carbon dioxide emissions reduction per year. If the price of CO 2 is 12 dollars, the earning of carbon dioxide emissions reduction in City B each year is 0.51 million Yuan. So the total earning is 4.222 million Yuan and the static investment payback period is 1 year. In general, the lifetime of a bus is 10 years. So the net income of CNG bus in lifetime is 38.02 million Yuan, and the feasibility of the project is quite high.
Secondly, taxi connection: converting 1600 taxi into CNG vehicles can bring the benefits of 22.075 million Yuan and reduce the carbon dioxide emissions of 24,300 tons. If the price of CO 2 is 12 dollars, the earnings of carbon dioxide emissions reduction in City B each year will be 1.999 million Yuan. The use of low-carbon fuel by taxis will bring City B the benefits of 24.074 million Yuan each year. The static investment payback period is 5 months. When the lifetime of a taxi is 8 years, the net income of CNG taxi in lifetime is 182.992 million Yuan, that is, the feasibility of the project is rather high.
Analysis shows that transformation of low-carbon fuels for buses and taxis can bring large benefits and high rate of return on investment. So investment to these kinds of projects not only can achieve the target of energy-saving and emissionreduction, but also can achieve low cost and high emissionreduction with high feasibility of the project.
IV. CONCLUSION
Through the low-carbon path selection and cost-benefit analysis of construction industry and the transport sector in City B, we can conclude that the applications of low-carbon economic development path in different industries indicate great varieties. Some industries have shorter low-carbon investment recovery period and considerable gains, which can be operated through market mechanisms only. Some other industries, under the existing circumstance, have the features of higher investment costs, lower benefits, whose project feasibility is lower. If the investment of this type of project only depends on the market mechanism and without the encouragement and implementation of the government, it is quite difficult to achieve the low-carbon transition. Hence, the construction of low-carbon economic zones needs the dual functions of the government and market.
As a result, development of low-carbon economy in China should take the current status of economic development, energy consumption structure, technological levels of energyconsuming industries as the basis to select the suitable realizing route of low-carbon economy, make low-carbon transition plans, and carry out them step by step. For the lower cost investment and higher revenue industries we should develop industrial policies and improve market mechanisms to promote low-carbon transition. For the higher cost investment and lower revenue industries we should rely on the implementation of the government to increase investment, integrate the dual functions of market and government to achieve the low-carbon transition, promote the low-carbon transition of economic development pattern, so as to achieve economic and social sustainable development. Note: the lifetime of the buses is 10 years and the lifetime of the taxies is 8 years; the exchange rate of U.S. dollar against RMB is 6.85.
